ABSTRACT
INTRODUCTION
Paraffin-embedded tissue (PET) samples are a well-recognized source of DNA for polymerase chain reaction (PCR) (3, 4, 7) . In recent years, there has been increasing interest in using PCR to examine the stepwise progression from normal to malignant cell growth (2) . As the target lesions have become increasingly small, microdissection techniques have been used to isolate benign, premalignant and malignant lesions from the same tissue section so that the genetic defects involved in tumor progression can be determined.
Success in amplification of DNA from PET depends on a myriad of factors, including the type of fixative used, fixation time, storage time, primer choice and PCR conditions (4, 7) . In addition to these factors, we now report that the type of histologic stain used to facilitate microdissection also affects the productivity of amplification. Histologic staining is often required to visually discern benign from malignant or dysplastic cells so that each can be selectively excised and placed in different reaction tubes. This is particularly true of specimens where tumor and normal cells are co-mingled or in cases where very small foci of cells or even single cells need to be identified and resected.
In our initial efforts to dissect tumor tissue from PETs, we localized tumor tissue in unstained sections by comparing them to an adjacent section that had been stained with standard hematoxylin and eosin (H&E). This method works well for dissecting relatively large areas of confluent tumor. However, for small areas of tumor or focal premalignant lesions, which must be more carefully microdissected, it is necessary to stain the tissue so that the target cells can be visualized more clearly. Hematoxylin staining permitted clear visualization of the nuclei so that the target cells could be harvested for subsequent PCR. However, after processing this material, we observed sporadic failure of the amplification reaction, regardless of which primer pairs were used or which tissue was dissected. Shortened staining time appeared to improve the likelihood of successful PCR, although it compromised the morphologic discriminatory power and, even so, there was unpredictable failure of the PCR in over half of the samples. Therefore we undertook the current study in which we systematically evaluated hematoxylin in comparison with five other stains to identify which might be most compatible with successful DNA amplification.
MATERIALS AND METHODS
Three gastric carcinoma samples and nine nasopharyngeal carcinoma samples that had been routinely fixed in 10% buffered formalin, then processed and paraffin-embedded, were serially sectioned at 6-µ m intervals and transferred to glass slides, using precautions against cross-contamination at the microtome as described previously (5) . The sections were not deparaffinized before staining, since paraffin holds the tissue fragments together during the microdissection process. The sections were stained by resting them on drops of stain placed upon strips of Parafilm ® (American Can Company, Greenwich, CT, USA) from which the paper cover had been freshly removed. The labeled end of the slide was kept out of the stain by elevating it on a clean glass slide. Stain times varying from 1 min to 12 h were tested until the minimal time was established that permitted microscopic visualization of tissue architecture with sufficient cytologic detail to distinguish tumor from normal cells. Median PCR productivity represents the median amount of PCR product generated in all experiments, regardless of which tumor sample was tested or which primer set was applied, as quantitated by PhosphorImager measurement of electrophoretic bands. Interquartile range represents the 25th to 75th percentile around the median. Only hematoxylin and Wright's stains differed significantly from unstained. NA = not applicable. 
RESULTS AND DISCUSSION
To our knowledge, this is the first systematic comparison of the effect of histologic stains on PCR productivity. The minimum staining time required for good morphological distinction between benign and malignant cells varied from 20 min to 2 h, depending on which of the six histologic stains was used. Keep in mind that these staining times apply to undeparaffinized sections and therefore might appear prolonged to those who are accustomed to staining deparaffinized sections (see Table 2 ). Hematoxylin and Wright's stains were most similar to the traditional H&E stain in terms of their cellular localization and the purple hue imparted to nuclear chromatin. Methyl green and nuclear fast red stains also provided excellent visualization of chromatin patterns in green and red, respectively. Visualization of chromatin pattern was important in our work because of the need to distinguish carcinoma cells having large nuclei with dispersed or peripheralized chromatin from benign cells having smaller nuclei with denser chromatin. In contrast, light-green SF yellowish and Evans blue did not permit optimal visualization of chromatin patterns because they primarily stain cytoplasmic structures.
There were significant and reproducible differences among the various stains in terms of their suitability for PCR amplification. The two stains yielding the most consistent PCR products in quantities comparable to those from unstained tissues were methyl green and Evans blue. Two other stains that yielded slightly less PCR product were nuclear fast red and light-green SF yellowish. Wright's stain yielded significantly less product than either methyl green or Evans blue ( P <0.05), but still produced a visible band in most lanes. The most unpredictable results were achieved with hematoxylinstained tissue, which yielded a visible product in only half of amplification reactions and, when successful, yielded varying amounts of product (see Figure  1 and Table 2 ). The frequent failure of PCR from hematoxylin-stained tissue was independent of which tumor sample was tested, which template dilution was used or which primer set was applied. Statistical analysis revealed that hematoxylin produced significantly less product than every other stain except for Wright's stain ( P<0.05).
To determine whether the poor outcome with hematoxylin stain was unique to the particular commercial source of stain that was chosen, two other types of hematoxylin stain were subsequently evaluated in an abbreviated experiment. Tissues stained with either Harris's hematoxylin or modified Mayer's hematoxylin completely failed to amplify at D3S1262 and D12S77, whereas DNA from adjacent unstained sections and from methyl green-stained sections amplified well in the same experiment (data not shown). This suggests that the poor performance of hematoxylin was not attributable to the particular type of hematoxylin stain that was used.
These data reveal that hematoxylin staining interferes with the yield of PCR amplification in an unpredictable manner. Hematoxylin, one of the most common stains used by morphologists, is extracted from the "logwood" tree ( Haematoxylon campechianum). It has little natural affinity for tissue but becomes a strong nuclear dye when it is combined with a metallic mordant such as aluminum. Sheehan and Hrapchak (6) propose two possible binding sites for the hematoxylin-aluminum complex, the phosphate groups of DNA and the histones that represent proteins bound by the phosphate groups. We observed that tissues that had been stained with hematoxylin seemed resistant to complete digestion with proteinase K solution as evidenced by retention of macroscopic purple flakes in the reaction tube following proteinase digestion. This resistance to solubilization, which may simply make the DNA less available for enzymatic replication, might contribute to the poor outcome following PCR.
In contrast to hematoxylin, several other stains offered excellent morphological discrimination without significantly inhibiting DNA amplification. For studies where visualization of nuclear chromatin is essential, such as discriminating carcinoma from benign tissue, we recommend methyl green or nuclear fast red stains. Although Wright's stain yielded significantly less PCR product than did several other stains that were evaluated, it still had some redeeming qualities in that it required less staining time than any other color reagent (only 20 min), and it yielded excellent morphologic discrimination of tumor and normal cells. If visualization of nuclear chromatin is not essential, then either of the two remaining stains that were tested, Evans Blue or light-green SF yellowish, should yield adequate amplification products. Ultimately, the choice of stain depends on the particular tissue type under study and the preference of the morphologist who is performing the microdissections.
INTRODUCTION
In situ reverse transcription-polymerase chain reaction (RT-PCR) is an emerging methodology that combines the high sensitivity of PCR amplification with the cell-localizing ability of in situ hybridization (8) . The method has potential uses as a research and diagnostic tool in the detection of rare copies of RNA in organogenesis and the pathogenesis of viral, neoplastic and other diseases (6, 7) . In situ RT-PCR is performed on tissue specimens by the "slide-PCR" method: the section is mounted on a glass microscope slide, overlaid with a thin film of reaction mixture and covered with a glass slip, which is secured to the slide to create a reaction chamber; the slide is heat-cycled on a standard tube-PCR or a dedicated slide-PCR thermal block (1, 8) . The accumulated DNA product can be visualized either directly by adding labeled nucleotides in the PCR step or indirectly by in situ hybridization (ISH) with a labeled probe that is specific for the amplified sequence (6) . Despite the conceptual simplicity of the process, in situ RT-PCR has proven difficult, to a large degree due to physical deficiencies of the glass microscope slide as a high-temperature reaction chamber (1, 6, 11, 12) . Spann et al. described a method with isolated cells mounted on slide fragments and reacted in solution (10) that eliminated some of the mechanical problems of slide-PCR. However, applying this technique to tissue sections proved difficult and unreliable, and thus was used on a limited basis (9).
In this report, we describe an improved in situ RT-PCR method for tissue sections. The coverslip mountedimmersion cycled (COSMIC) technique has the following advantages: (i) efficient and dependable processing of the sections on a thin glass matrix; (ii) uniform exposure of the histological sample to the reagents; (iii)accurate thermal conduction; (iv) high throughput of up to 48 samples is possible using a standard thermal cycler. We applied the technique and describe a protocol for the detection and localization of surfactant protein A (SP-A) mRNA in fetal rat lung, which, to the best of our knowledge, is the first application of in situ RT-PCR to section from fetal tissue.
MATERIALS AND METHODS

Specimen Preparation
Pregnant (21-day gestation) SpragueDawley rats were anesthetized, the fetuses removed and the fetal lungs were rapidly excised and fixed in 4% paraformaldehyde in phosphate-buffered saline (PBS) (pH 7.5) for 4 h at 4°C. The specimens were washed in PBS and dehydrated in an ethyl alcohol series. Samples were cleared in xylene, embedded in 56°C paraffin wax and cooled. Under RNase-free conditions, 5-µ m sections were cut and mounted on No. 1.5 coverslips (18 ×18-mm, 0.16-0.19-mm thickness, premium
